The killer effect of 37 species of Candida, Cryptococcus, Hansenula, Pichia, Rhodotorula, Saccharomyces, and Trichosporon on 100 Candida albicans isolates of human and animal origin was studied. All of the C. albicans cultures were sensitive to one or more killer yeasts. The factors affecting the killer phenomenon on C. albicans were investigated for realizing a simple system for the differentiation of the 100 C. albicans isolates. By using this system, it was possible to differentiate up to 512 isolates of C. albicans according to their susceptibility to the killer effect of nine selected killer yeasts. The use of this method as an epidemiological marker in the case of presumptive nosocomial infections due to C. albicans is also reported.
In 1963 Bevan and Makower (2) reported, for the first time in yeasts, that a few isolates of Saccharomyces cerevisiae produced a substance lethal to other strains of the same species. This effect was named the killer phenomenon, and the substance was called the killer toxin. Sinde that time numerous studies have been carried out to determine the distribution of the killer phenomenon among yeasts, the modalities of its action, and the physiological and chemical properties of the toxin (1, 3, 6, 7, 12, 13, 16, 17, 19, 22, 25, 26) .
On the basis of these reports we initiated a study of the killer phenomenon in Candida albicans, a well-known etiological agent of topical and systemic infections.
The finding of a convenient, sensitive, and reproducible method that could be used as an epidemiological marker for differentiating strains of C. albicans would be of value. Currently, the only method generally acceptable is based on the division of C. albicans isolates into two serological groups (A and B) (11) . However, the majority of C. albicans isolates belong to group A, thus limiting the value of this method in epidemiological studies. For this reason, studies have been carried out on the differentiation of C. albicans isolates from one another (5, 10, 14, 15, 20, 21, 23, 24) .
In this report we present a relatively simple procedure for differentiating C. albicans isolates based on the susceptibility of C. albicans strains to the toxic effects of nine different killer yeasts. This killer system has the potential for differentiation of up to 512 strain types of C. albicans.
MATERIALS AND METHODS
Cultures. One hundred C. albicans isolates were obtained during a 3-month period among yeasts isolated from clinical specimens and pigeon droppings (18) ( Table 1 ). The C. albicans isolates were identified by their biochemical and morphological characteristics. They were maintained in our collection at room temperature in sterile distilled water.
During this time 9 killer yeasts were selected from 54 other yeasts graciously furnished by public and private collections ( Test performance. The C. albicans isolates were initially incubated for 18 h at 25°C with shaking (120 rpm) in 10 ml of YEPD broth (pH 4.5). One milliliter from these broth cultures was diluted with 10 ml of fresh YEPD broth (pH 4.5). One milliliter of this suspension was then mixed with 20 ml of YEPD agar (pH 4.5) that contained 0.003% methylene blue and poured into a petri dish to obtain an agar-C. albicans suspension. The dye differentially stained dead yeast cells blue. For comparative purposes, 1 ml of a distilled water suspension (optical density of 25% at 530 nm) of 48-h-old cultures of C. albicans grown on modified Sabouraud glucose agar was mixed with 20 ml of modified Sabouraud glucose agar containing 0.003% methylene blue and buffered at pH 4.5. The killer yeasts were cultured for 48 h in YEPD agar and, later, in modified Sabouraud glucose agar and streaked onto the pour plates of C. albicans. The agar-C. Fig. 1 and 2) . A code adopted in our institute for differentiating Pseudomonas aeruginosa, Serratia marcescens, and Proteus rettgeri was used to record the combined effect of the nine killer yeasts adopted and arranged in triplets. Each triplet was examined for its pattern of activity against each isolate of C. albicans (4, 8, 9) (Table 3) .
RESULTS
Of all yeasts studied, only the species of Pichia and Hansenula had different toxic effects on the 100 C. albicans isolates under standard conditions ( (Fig. 3) .
Selected strains of C. albicans generally were most sensitive to the killer yeasts when all cultures were incubated at 25°C. C. albicans isolate 38 appeared resistant to the killer factors at below 30°C (Fig. 4) . Smaller differences were found when the concentrations of dextrose, peptone, and yeast extract in the medium were varied (Fig. 5, 6, and 7) .
The substitution of buffered modified Sabouraud glucose agar for YEPD agar did not appreciably alter the results. Analogously, an inoculum of sensitive cells of C. albicans in a log phase was replaced by a water suspension of the same C. albicans isolate without loss of sensitivity of the test.
We were able to identify 25 VOL. 17, 1983 KILLER SYSTEM FOR DIFFERENTIATING C. The choice of our simplified conditions (modified Sabouraud glucose agar at pH 4.5 as medium and a water suspension of C. albicans isolates as inoculum) permitted the simple detection of the killer factors on C. albicans. The test conditions, however, may not be suitable for detecting the activity of other killer or sensitive yeasts. Our procedure, nevertheless, represents an effective screening method that could be easily applied to epidemiological investigations of infections due to C. albicans. The method is practical, it does not require tedious standardizations of test media or inocula, and the results are easy to read.
The system could be improved by utilizing a larger number of suitable killers or their purified toxins, a study which is now in progress in our institute. The use of a killer system as an epidemiological marker proved to be useful in the presumptive cases of nosocomial infections we studied.
